Glutamate mediates an excitatory influence of the paraventricular hypothalamic nucleus on the dorsal motor nucleus of the vagus.
Data have shown that the paraventricular nucleus of the hypothalamus (PVN) and the dorsal motor nucleus of the vagus (DMNV) play important roles in the regulation of gastrointestinal function and eating behavior. Anatomical studies have demonstrated direct projections from the PVN to the DMNV and physiological studies showed that the DMNV mediates many of the effects of PVN stimulation and electrical current stimulation of the PVN excites a subset of DMNV neurons. The aim of this study was to characterize the role of glutamate receptors in the excitatory influence of the PVN on gut-related DMNV neurons. Using single-cell recording techniques, we determined the effects of kynurenic acid, 6-cyano-7-nitroquinoxalene-2,3-dione (CNQX), and DL-2-amino-5-phosphonopentanoic acid (DL-AP5) on the increase in firing rate due to electrical current stimulation of the PVN. In initial experiments, we studied 24 DMNV neurons excited by electrical current stimulation of the PVN. Kynurenic acid, a broad-spectrum glutamate receptor antagonist, prevented the PVN effect in 22 neurons and significantly attenuated the effect in the other cells. Nine of these neurons demonstrated an inhibition in firing rate with PVN stimulation after pretreatment with kynurenic acid. In a separate group of 12 neurons, we determined the effects of CNQX (1.2 nmol) injected into the DMNV. This AMPA receptor antagonist completely blocked the excitatory response to PVN stimulation of six DMNV neurons and significantly attenuated the response of the other six DMNV neurons. The addition of 1.2 nmol DL-AP5, a N-methyl-D-aspartate (NMDA) receptor antagonist, further attenuated the response to PVN stimulation in four of the five DMNV neurons that were still excited after CNQX treatment. The fifth neuron demonstrated PVN- induced inhibition of firing rate after treatment with CNQX and DL-AP5. In a separate group of 11 DMNV neurons excited by electrical stimulation of the PVN, DL-AP5 partially attenuated the excitatory responses of only four DMNV neurons and did not block the excitation of any cells. The mean latency (14 neurons tested) from the PVN to the DMNV was 37.71 +/- 2.40 (SE) ms. Monosynaptic action potentials and excitatory postsynaptic potentials were demonstrated in three DMNV neurons by intracellular recording. Our results indicate that glutamate released from PVN neurons projecting to the DMNV excite the gut-related vagal motor neurons by acting predominantly on the AMPA receptor. The NMDA receptor plays only a minor role in the excitatory effect.